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Dear Don: original
Please find inclosed a copy of a short report concerning the study we
conducted on fluroide removal by lime addition from groundwater at
the northern boundary of RMA. As we discussed previously, lime addition
successfully reduced the fluoride concentration to the suggested standard,
but based on the costs, the potential sludge disposal problems, and the
probable variability in the effectiveness of the process, I think that
activated alumina is the best choice for a system at RMA. If you have
any questions, please contact me.
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¥luoride Removal by Lime Mdition frind
Croundwitey at the Northern Boundary of
Booky Mountain Arsenal

1. OCroundwater at the northers bouidary of Rocky Mountain Arsemal
(P31A) hua been found to gcontain Fluoride In concentrations in excess
of the level recemmended by the Colotade Health Department., Several
rrestment alternatives for removing the fluotide have baen investigated.
This repars summarizes a study conducted to dererning tb& feanibhillvy
af using Jime praclyleation for the removal of fluoride from groundvater
at the nocvtheru boundary of Rda,

3 ULime and lime/soda ash addition were both Investigated using
a laboratory seale Jar test agparatus, Fgeal sample volimes of water
wara placed in six beakers on a Bivd maltiple stiveing unlt and vavious
ammunts of chemicals wars added to the samples. The sumples wers then
mimed rapidly for one nimuts follewved by slow mixing fov 30 ninutes.
The precipitate forued wasg allowed to settle for 30 minutes afrey widch
time the aupsru&ténn wag eollected for analysls. Matal analysils were
conducted using a Perkin-Eluer Wodal 300 atomie sdsorption spectyro-
photometar, Flurolde analysis were conducted using an Oriom specifle
ion electrode. ‘ '

3, Analysis of a4 groundwater sanmple was condocted and the resulting
chatactariatina Are pregeaed in Tabla 1. From these results, the
stotchicmerria dose of Lina vequired was caleulated to be 640 mg/d of
Cald, Varicus percent excass dosages o3 dndicgtod in Tabls 2 wore addad
to tho sanvles, Tha resulting fluoride concantratious along with pR,
calolum, magnesium, and manganese ars prasented in Table 2.

4. ‘Tao data shows that a dosage of 880 mg/i of Cald iy vequired
ro raduce the concentration of flgovids to belew the suggested limit of
1.8 mg/%, Inersasing dessges of lime do not rasult in lowsring the
enncentration of fluortde, Additlows) tests were conducted adding scda
ash along with lime, Residual calcium conesutrations were redoced but
the residual Fluoride concentrations remainsd the same. N




, 5.0 8ince calelun Tlooride has a theoraticsl maximum ﬁﬁluhiliﬁyv;
of approximately 8 ag/i of flvoride at pH 11, the vemoval of tlusride
by lime add{vien In tils study Iz prokadly atiriButabls to sdsorpeion’
of the fluorids lon outd matal krdromide flgg foraed a4z 4 resls of
rhe lime additdon, As indfcated dn Tgble 2, a sigoificant amount of
zagnesium and manganese wers removed at 4 lime dosage of 880 mg/d
which corresponds to a significent decreass in the fluoride concentra-
tion. Simller results have been reported fn the past whers appreciadle
concentrations of naturally occurving magnesium have been found {n the
water heing treatad., In the absenca of naturally occurring mazgunesiua,
the requirement for supplementary addition of wagnesium generally ALY
the lime additdon procesa for fluoride remeval scomewically unfeazibla,
The additlon of nagnesium salts or other maral salty alwo results in
an loerease ln the wolume of sludge proaduced.

6, Chemical cost saleulations were nade based an the lima dosage
vequirement of 880 mg/i which is approximately 10 lha/l000 gal. BMA
is currently paying 30,07/1b for lime 1n 350 Ib bags. This amounts e
50.70/1000 ga) of water treated, Lime purchased in tulk quanticies
can b2 obtalned for absmt §0,025/1b vo $0,03/1b, which would result fo
chamical costs of batwasn $0,25/1000 gal and $0,30/1000 gal., The precess
would require a clardfisr capabla of baudling approwimaraly 110,000
gal/day at existing Flov rates and would produce approximately 1200 Los/
day (dry welght) of sludge, Aleo, sludge dewatering equippent would be
required, The dewatered sludgs must ba dispesed of in an envirommentally
aeceptahle manner, »

. 7. Curreakly, @ study* is befng conducted at WA to determine the
feéﬁibLLity of using astivated aluemina for fluorilde removal fvow the
groundwater. In compariug the lime additicn and activated alumina puo-
caegges for Eludrige vamoval the follering differences should b netod,

Lime addition was succassful {o veducing the fluoride concestration b0

Just undev the guggested lim{v, Therefore the prousss wust be contralled

dRubal and Hagar, ”Faa&ihility\ﬁtudy For the Removal of Exceess Fluorids
from Activated Carbon Effluent.” Prepared for Rocky Mouataln Arsenal,




proacizely (constant vonitoring) to inayre that the residual {luoride
caoncantrarion remalas helow the suggested limier, Since the process depenis
an Lhe pramipitﬂtibn of wetal bydvowides, variations in the characteristics
of the watey to ba treated san zaosse sigalflicant changes ia the efficiency
wf the vemowval process, The sctivared alumbna prosess geaerally allows
Far more variation ko the feed watey simee pl (which 18 contlnususly
aualtored) tands to be the controlling factor, The amoumnt of dludge
produced in the lime additien process is much greater than the amaunt
reaulting Srow the Creatment of the rageveration waste stream assaciatad
winh the activated alumdps slthough cthe aludge from tha latter usually
sgntalng 3 mech higher concentratlon of Flusride., Thée lime addirion pro=
cesg generally rvesulis in a grester loss of water from the process
atvean than Jdoop the activated aluedon, And fiaally, the aovdvated
alunina pro&ass tendyg Lo bhe woizd aéonwmic than lime additicoa fur treat-
mant of watar with fluarids concentrations of leas than 10 mg/i,

3., Bagsed om the results of thiyv study converning fluoride removal
by lime addfiviem, 1t appears rthal this provess would be lags cost effechive
than the activated alumdnme procesa, I 48 recommended that the astivated
alumina study be continuwed o0 as bo provida the final information sseded
for scale~up of the activeted alumina system foy removal of flusride from
groundvarar at the novthern boundary af 2MA.




Table 1

Characteriatics of Grﬁundwa;ai frem the

Novthern Bowsdary of Rocky Mountain Avgenal

Paramstsr

ol

Toral Alkalindty
Total Hardness
Sulfate
Chlorids
Fluorida
Alumioum

taloium

Iran

Magnesiun

Manganese

Zadium

Concentrationimg/1)

7.0
300 {as Cally)
420 (as CaC0y)
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